pm/PCTRec'd23FEB2000 



©9m 86?; 



WO 99/09836 B JK B v 8 " ^ PCT/GB98/02425 



1 "Inhibitor and Pres ervative Formulation" 

3 c The present invention relates to food preservatives and 

4 medical inhibitors. In particular the invention 

5 relates to formulations which can inhibit Listeria 

6 monocytogenes ; Salmonella enter iditis ; Staphylococcus 

7 aureus and vancomycin-resistant Enterococcus . 
8 

9 Listeria monocytogenes and Salmonella enter iditis are 

10 food-borne pathogens responsible for the significant 

11 increase in food-borne diseases observed over the past 

12 few years [1]- Susceptible individuals tend to be the 

13 very young, old and pregnant women who are particularly 

14 susceptible to listeriosis [2]. There are a variety of 

15 "traditional" procedures used to control these micro- 

16 organisms including good hygiene procedures, pressure 

17 and heat [3] however there is little evidence of the 

18 widespread use of an effective synergistic combination 

19 preservative system to limit the control of infection. 

20 Individual preservatives have been used over the years 

21 such as organic acids [4] and nisin [5] which has been 

22 used to inhibit L. monocytogenes . This micro-organism 

23 unlike S. enteriditis is capable of growth at 4°C and 

24 can readily achieve an infectious dose even at this low 

25 refrigeration temperature [6]. 
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1 This invention also relates to inhibition of a bacteria 

2 such as multi (methicillin) resistant Staphylococcus 

3 aureus and vancomycin-resistant Enterococcus. As the 

4 names of these micro-organisms imply they are resistant 

5 to anitbiotics and there is consequently a great need 

6 to develop a preservative system which will not only 

7 inhibit the bacterium but reduce the possibility of the 

8 generation of resistant strains. 
9 

10 Elimination of these organisms has centred on the use 

11 of antibiotics. However, microorganisms can become 

12 resistant to antibiotics. 
13 

14 Inhibitory properties of plant oils have been known for 

15 some years [7] and recently Tassov et al, [8] described 

16 inhibition of S. enter iditis and L. monocytogenes in a 

17 model food system at 4°C and 10°C by oil of mint. 
18 

19 Benzoic acid has been found as a "natural" breakdown 

2 0 product in several milk-based products such as yoghurt, 

21 milk and cheese and is one of the first and most widely 

22 used preservatives in the world because it is 

23 relatively inexpensive and has low toxicity [9]. 

24 Furthermore, it has been shown to be inhibitory against 

25 food poisoning and spore forming bacteria [9] and has 

2 6 been shown to act synergist ically with several 

27 components against a variety of micro-organisms [10]. 
28 

29 Phenolic compounds such as methyl paraben (esters of p- 

30 hydroxybenzoic acid) have been licensed for direct use 

31 in foods at a concentration not exceeding 0.1% [11]. 
32 

3 3 It is an object of the present invention to provide a 

34 formulation suitable for use in food and in hospital 

35 environments which will effectively inhibit growth of 
3 6 micro-organisms . 
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1 According to one aspect of the present invention there 

2 is provided a formulation for use as an inhibitor or a 

3 preservative comprising a combination of plant oil 

4 chosen from oils of fennel, anise or basil, or 

5 derivatives or active ingredients thereof with benzoic 

6 acid, methyl paraben, ethyl paraben, propyl paraben or 

7 butyl paraben. 
8 

9 The plant oil derivatives or active ingredients include 

10 trans-anethole , fenchone and estragole. 
11 

12 The plant oil or derivative or active ingredient 

13 thereof and the benzoic acid or paraben may be 

14 administered separately or together to a foodstuff. 
15 

16 The plant oil or derivative or active ingredient 

17 thereof and the benzoic acid or paraben may be 

18 adminstered in the form of a spray. Suitably the 

19 formulation can be administered to surfaces as 
2 0 inhibitor to prevent micro-organism growth. 

21 

22 Typically the preservative combination is prepared as a 

23 concentrated solution for addition to foodstuffs or 

24 could be used to decontaminate inanimate objects such 
2 5 as work benches or utensils. 

26 ^ - — N 

27 ( Preferably the preservative is used such that the 
concentration of plant oil, d^ri.y/a:t:i^'^T^^o^i^^ 



28 
29 
30 
31 
32 




ingredient thereof is betweefT 0.01% to 1% and the 
concentration of benzoic acH^i=-p^r-a'beTi---i , s' < froin 0.01' 
to 1%. 



33 In one embodiment the invention comprises oil of fennel 

34 and methyl paraben wherein the oil of fennel is used at 

35 a concentration of 0.2% and the methyl paraben is used 

36 at a concentration of 0.1%. 
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1 In another aspect the invention provides a preservative 

2 comprising oil of basil. 
3 

4 ^ t re^era^l?^ the_joJ^l of basil is used at a concentration 

5 d^^ ^lCTo °^ 5% ' 

7 The invention further provides use of oil of basil as 

8 an inhibitor of L. monocytogenes . S . enteriditis . S. 

9 aureus and vancomycin-resistant Enterococcus . 
10 

11 In a second embodiment the invention comprises fenchone 

12 and methyl paraben wherein the fenchone is used at a 

13 concentration "of 0.1% and the methyl paraben is used at 

14 a concentration of 0.1%. 
15 

16 In another aspect the invention provides a preservative 

17 comprising trans-anethole. 
18 

19 In yet another aspect the invention provides a 

20 preservative comprising estragole (4-alfiylanisole) . 
21 

22 The invention further provides use of trans-anethole 

2 3 and estragole as inhibitors of L . monocvotogenes . S . 

24 enter iditis , S I aureus and vancomycin-resistant 

25 Enterococcus. 
26 

27 The invention further provides use of an active 

28 ingredient chosen from oils of fennel, anise or basil, 

29 chosen from fenchone, trans-anethole or estragole in 

3 0 combination with methyl paraben in the preparation of a 

31 composition for the inhibition of L. monocytogenes or 

32 S . enteriditis , S . aureus or vancomycin-resistant 
3 3 Enterococcus . 

34 

35 The invention further provides use of a plant oil 

36 chosen from oil of fennel, oil of basil or oil of anise 
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1 in combination with methyl paraben or benzoic acid in 

2 the preparation of a composition for the inhibition of 

3 L. monocytogenes , S. enter iditis , S - aureus or 

4 vancomycin-resistant Enterococcus . 
5 

6 Several combinations according to the invention exhibit 

7 synergistic antimicrobial properties which enable one 

8 or more component of the combination to be used at a 

9 relatively low concentration. This is clearly useful 

10 in terms of cost, but more importantly could be more 

11 acceptable to the general public who have become 

12 increasingly critical of the use of chemical 

13 preservatives in food. In addition a combination 

14 containing a plant oil may be perceived as natural 

15 rather than chemical. 
16 

17 The present invention also provides a composition for 

18 use in inhibiting pathogen infection, said composition 

19 comprising at least one oil chosen from oil of fennel 

20 and oil of anise or the active ingredients thereof 

21 together with at least one member of the group 

22 consisting of benzoic acid, methyl, ethyl, propyl and 

23 butyl paraben. 
24 

25 Typically a composition may comprise the active 

2 6 ingredients in amounts as follows :- 

27 

28 Oil of Fennel Preferably 0-1%, more preferably 

29 0.1-0.4% and most preferably 0.15- 

30 0.25% 

32 Oil of Anise - (^Preferably 0-^%^-^or^^^jteEabd.y 

33 ^T^oT^ard most preferably 0.15- 

34 0.25% 
35 

36 Benzoic Acid Preferably 0-1%, more preferably 
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1 

2 
3 

4 Methyl Paraben 
5 
6 
7 

8 Ethyl Paraben 

9 
10 
11 

12 Propyl Paraben 
13 
14 
15 

16 Butyl Paraben 
17 
18 
19 

20 The term "composition" is used herein to include 

21 separate formulations which are intended for co- 

22 administration, either sequentially or simultaneously. 

23 It is generally more convenient however for the 

24 composition to be a single mixture formulation. 
25 

26 A preferred embodiment of the invention provides a 

27 composition for use in inhibiting Staphylococcus aureus 

28 or vancomycin-resistant Enterococcus, the composition 

29 comprising 0.15-0.25% of at least one of oil of fennel 

30 and oil of anise in combination with 0.05-0.15% of at 

31 least one of the group consisting of benzoic acid, 

32 methyl, ethyl, propyl and butyl paraben. 
33 

34 The composition according to the invention may be 

35 administered in any convenient form. Mention may be 

36 made of tablets, solutions, suspensions and also 



0.05-0.5% and most preferably 0.05- 
0. 15% 

Preferably 0-1%, more preferably 
0.05-0.5% and most preferably 0*05- 
0. 15% 

Preferably 0-1%, more preferably 
0.05-0.5% and most preferably 0.05- 
0. 15% 

Preferably 0-1%, more preferably 
0.05-0.5% and most preferably 0.05- 
0. 15% 

Preferably 0-1%, more preferably 
0.05-0.5% and most preferably 0.05- 
0. 15% 
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1 aerosol sprays. The composition may be administered 

2 enterally, palentrally, subcutaneously, (via a 

3 subcutaneous patch or injections) , intra muscular ly and 

4 so on. 
5 

6 In another aspect, the present invention provides the 

7 use of a composition as described herein in the 

8 manufacture of a medicament to inhibit Staphylococcus 

9 aureus and vanconcycin-resistant Enterococcus . 
10 

11 In a further aspect, the present invention provides a 

12 method of inhibiting Staphylococcus aureus and 

13 vancomycin-resistant Enterococcus, in human or non- 
14 human (preferably mammalian) animal body, said method 

15 comprising administering to said body a composition as 

16 described above. 
17 

18 The active ingredients of the composition may be in 

19 combination with any pharroaceutically acceptable 

20 carrier. 
21 

22 One preferred carrier is water. 
23 

24 A particularily preferred form of application is as a 

25 sprayable formulation. 
26 

27 The invention is illustrated with reference to the 

28 following examples and results are summarised in the 

29 accompanying tables. 
30 

31 Examples 

32 

3 3 Materials and Methods 
34 

35 Maintenance of Bacteria 
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1 Listeria monocytogenes 11994 and Salmonella enter id it is 

2 4444 were purchased from the National Collection Type 

3 Culture, Porton Down, Wiltshire, UK. Each was stored 

4 in the long term in glycerol at -2 0°C, in the medium 

5 term on Tryptone Soya Agar (TSA) slopes and in the 

6 short term on TSA plates. All agar and broth (Tryptone 

7 Soya Broth) was purchased from Oxoid-Unipath Limited, 

8 Basingstoke , UK . 
9 

10 Reagents 
11 

12 Oils of fennel, anise and basil were generously 

13 supplied by F D Copeland and Sons Limited, Colanol 

14 House, 5 Westfield Street, London, UK. Trans-anethole , 

15 fenchone, estragole (4-allylanisole) , benzoic acid, 

16 methyl paraben and phosphate buffered saline (PBS) were 

17 purchased from Sigma-Aldrich Company limited, Poole, 

18 Dorset, UK. 
19 

2 0 Experimental Procedure (1) * 

21 

22 10/xl of an overnight TSB culture of L. monocytoqefjes or 

23 S. enter iditis incubated at 37 °C was added to 10ml of 

24 TSB containing 0.2% of oil of fennel, 0.2% oil of 

25 anise, 0.2% or 0.02% oil of basil in combination with 

26 0.1% benzoic acid or 0.1% methyl paraben. 

27 Corresponding controls were also prepared thus 10/xl of 

28 each overnight culture was added to the appropriate 

29 broth only. All tubes were incubated at 3 7 °C. 1ml 

30 samples were removed from each test and control after 

31 vortexing at Ohrs, Ihr, 4hrs, 8hrs, 24hrs and 48hrs and 

32 serially diluted in 0.01M PBS. 100/il from each 

33 dilution was placed on an agar plate and spread across 

34 the surface. Plates were incubated at 37 °C and 

35 colonies counted as colony forming units per ml 

36 (cfu/ml) . As ethanol was used to prepare solutions of 
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1 benzoic acid and methyl paraben a diluent control was 

2 used where ethanol was added to each culture medium. 

3 The ethanol present was shown not to exhibit any 

4 inhibitory properties against micro-organisms tested. 

5 Due to the limitation of the serial dilution technique 

6 it was not possible to count cfu less than 10/ml. 
7 

8 Oils of fennel and anise were used at 0.2% and whilst 

9 oil of basil was originally used for comparative 

10 purposes at 0.2% it was later used at 0.02%. Benzoic 

11 acid and methyl paraben were used at 0.1%. Several 

12 factors were considered when choosing these 

13 concentrations. Firstly, to determine the presence of 

14 synergistic inhibition by a combination it was 

15 necessary to use each component of the combination at a 

16 concentration which was relatively weakly inhibitory 

17 over the timescale of the experiment. Secondly, with 

18 respect to benzoic acid and methyl paraben these cannot 

19 be used in foods in excess of 0.1% [11]. 
20 

21 Reproducibility 
22 

23 Triplicate plates were prepared for each dilution and 

24 the mean count of three plates was determined. The 

25 standard error of the mean was <10%. Each experiment 
2 6 was performed on three separate occasions. It is the 

27 mean count from three separate experiments and the 

28 corresponding standard error of the mean which are 
2 9 shown in the results section. 

30 

31 Statistical Test 
32 

33 Two-tailed paired student's t-test was used to analyse 

34 inhibition caused by a combination compared to the 

35 corresponding control. Differences were judged to be 

36 statistically significant when p<0.05. 
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1 Definition of Synergy 
2 

3 The definition used is that of Eliopoulos and 

4 Moellering [12] thus inhibition is defined as 

5 synergistic when the combined preservatives demonstrate 

6 >1 log 10 greater inhibition than the sum of the 

7 inhibitory effects of the preservatives used alone. 

8 This definition is also in agreement with Mims et al 

9 [13]. 
10 

11 Results 

12 

13 Listeria monocytogenes 
14 

15 Oil of basil at 0.2% was a potent inhibitor of this 

16 micro-organism where at 4hrs, 8hrs / 24hrs and 48hrs 

17 there was <1.0 log 10 cfu/ml (Table 1A) . ' Even at only 

18 lhr of culture there was a count of only 3.4 log I0 

19 cfu/ml which represents a reduction of 3.0 log 10 

20 compared to the corresponding control . Oil of fennel 

21 at 0*2% was less inhibitory although there were 

22 reductions of 3.0 log l0/ 2.9 log 10 and 0.6 log 10 at 8 hrs, 

23 24hrs and 48hrs compared to corresponding controls. 

24 Oil of anise was relatively weakly inhibitory over the 

25 48hr period, as were benzoic acid and methyl paraben. 
26 

27 For all combinations those containing methyl paraben 

28 were more inhibitory than those containing benzoic 

29 acid. 
30 

31 For oil of anise in combination with benzoic acid there 

32 were reductions of 1.3 log 10 , 2.6 log 10 , 2.1 log I0 and 0.5 

33 log 10 at 4hrs, 8hrs, 24hrs and 48hrs compared to 

34 corresponding controls. Greater inhibition of growth 
3 5 was however observed with the combination of oil of 
36 anise and methyl paraben. Thus at the same times as 
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1 above there were reductions of 1.7 log I0 , 3.4 log l0 , 5.1 

2 logjo and 6.6 log l0 respectively. 
3 

4 Combinations containing oil of fennel were more 

5 inhibitory than those containing oil of anise. Thus 

6 compared to corresponding controls, there were 

7 reductions of 1.9 logi 0 , 3.6 log l0 , 4.2 log 10 and 4.2 log 10 

8 for oil of fennel and benzoic acid; and reductions of 

9 2.1 log m , 4.5 log l0 , 5.7 logi 0 and 7.1 log 10 for 

10 combinations of oil of fennel and methyl paraben at 

11 4hrs, 8hrs, 24hrs and 48hrs respectively. 
12 

13 With respect to synergistic inhibition this was evident 

14 after 24hrs and 48hrs of culture for combinations of 

15 oil of anise with methyl paraben and combinations of 

16 oil of fennel with benzoic acid or methyl paraben at 

17 the same times. In the first example there was 4.6 

18 logio anc * 6 - 5 l°9io further inhibition of growth by the 

19 combination compared to the additive inhibition by each 

20 separate component. For oil of fennel with benzoic 

21 acid there was 1 log 10 and 3.7 log 10 further inhibition 

22 of growth by the combination and for oil of fennel with 

23 methyl paraben there was 2.8 log 10 and 6.7 log l0 further 

24 inhibition by each combination compared to additive 

25 inhibition by separate preservatives also at 24hrs and 

26 48hrs. 
27 

28 As mentioned previously 0.2% oil of basil was a potent 

29 inhibitor of L. monocytogenes in its own right and it 
3 0 was consequently difficult to determine synergistic 

31 inhibition of a combination containing basil at this 

32 concentration. Indeed this may explain why 

33 combinations containing 0.2% oil of basil with either 

34 benzoic acid or methyl paraben were no more inhibitory 

35 than the oil on its own. 0.02% oil of basil on the 

36 other hand was more or less bacteriostatic over the 
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1 48hr period with a reduction in growth of 1.3 log I0 , 2.5 

2 log 10 , 3.3 log I0 and 1.5 log l0 at 4hrs, 8hrs, 24hrs and 

3 4 8hrs. 
4 

5 The combination of 0.02% oil of basil and benzoic acid 

6 was no more inhibitory than the oil on its own at 

7 0.02%. The same was also true for oil of basil in 

8 combination with methyl paraben at Ihr and 4hrs but not 

9 24hrs and 48hrs where there was inhibition of growth by 

10 5.0 log 10 and 6.4 log, 0 respectively. Furthermore, 

11 synergistic inhibition was evident at these times where 

12 there was a further reduction of 1.7 log 10 and 5.1 log 10 

13 by the combination compared to the additive inhibition 

14 by each separate preservative. 
15 

16 Salmonella enter idit is 
17 

18 Individual oils at 0.2% and combinations of oils with 

19 benzoic acid or methyl paraben were generally more 

2 0 inhibitory against Salmonella enter id it is than Listeria 

21 monocytogenes (Table IB). Oil of basil at 0.2% was the 

22 most potent oil thus there was <1.0 log I0 cfu/ml at all 
2 3 times of culture except lhr where there was a count of 

24 only 1.4 logi 0 which in fact represented a reduction of 

25 4.6 log 10 compared to the corresponding control. Oils 

26 of anise and fennel exhibited a similar pattern of 

27 inhibition up to 48hrs at which time there was 

28 inhibition of growth of only 2.6 log l0 by oil of anise 

29 and 4.0 log 10 by oil of fennel. 
30 

31 Benzoic acid and methyl paraben exhibited little 

32 inhibition over the 48hr period. 
33 

34 As with Listeria monocytogenes a combination of 

35 preservatives containing methyl paraben was more 

36 inhibitory than one containing benzoic acid. Thus for 
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1 oil of anise or fennel in combination with methyl 

2 paraben there was <1.0 log 10 cfu/ml at all times of 

3 culture; which represents approximately a >5.0 log, 0 

4 reduction in number at all times compared to 

5 corresponding controls. In contrast there was, in 

6 general, a reduction of only 1 to 3 log 10 cfu/ml at all 

7 times for combinations of oil of anise or fennel with 

8 benzoic acid, 
9 

10 Synergistic inhibition was evident for combinations of 

11 oil of anise or oil of fennel with methyl paraben at 

12 all times of culture. In the case of the former there 

13 was a further reduction in number of >2 . 6 log I0/ >2 . 2 

14 log 10 , >2.4 log 10 , >6.3 log 10 and >4.8 log 10 cfu/ml at lhr, 

15 4hrs, 8hrs, 24hrs and 48hrs respectively compared to 

16 the additive inhibition by each separate preservative. 

17 In the latter, there was a further reduction of >3.3 

18 log 10 , >2.7 log 10 , >3.0 log I0 , >6.6 log I0 and 3.3 log 10 by 

19 the combination compared to the additive inhibition by 
2 0 the separate components. 

21 

22 The combination of oil of basil (0.2%) and benzoic acid 

23 was less inhibitory than oil of basil (0.2%) on its 

24 own. In contrast the combination of oil of basil 

25 (0.2%) and methyl paraben was as inhibitory as the 

26 individual oil where there was <0.1 log 10 cfu/ml at all 

27 times of culture. Oil of basil at 0.02% was weakly 

28 inhibitory against S. enteriditis and even in 

29 combination with benzoic acid or methyl paraben there 

30 was little inhibition of growth. 
31 

32 Discussion 

33 

34 It has been recognised for some time that no single 

35 preservative will be completely effective against 

36 micro-organisms which contaminate food. Combination 
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1 preservatives such as those described here, therefore 

2 seem preferable as they will have the potential to 

3 eliminate a broad range of microbes and will be more 

4 effective than single preservatives because of their 

5 multiple modes of action. Furthermore as plant oils 

6 contain many active ingredients it would be unlikely 

7 that micro-organisms would be able to mutate a 

8 sufficient number of genes to generate resistant 

9 strains for survival. 
10 

11 Synergistic effects by combinations of preservatives 

12 have been well documented. However, this is the first 

13 reported case of synergistic inhibition by combinations 

14 of plant oils and derivatives of paraben against two of 

15 the major causes of food-borne illness namely 

16 monocytogenes and S. enteriditis . Oils used were 

17 fennel, anise and basil as they have similar active 

18 ingredients [14]. Peliminary studies suggest that 

19 these combinations would be effective against other 

20 micro-organisms including S. aureus and vancomycin- 

21 resistant Enterocyccus . 
22 

23 In this study combinations containing oil of fennel 

24 were more inhibitory than those containing comparable 

25 concentrations of oil of anise or basil. Although all 

26 have estragole in common, oils of fennel and anise 

27 contain anethole but the increased activity of 

28 combinations containing fennel may be due to active 

29 ingredients which are unique to fennel such as fenchone 

30 and alpha pinene [14]. 
31 

3 2 Combinations containing methyl paraben were more 

33 inhibitory than those containing benzoic acid. 

34 Phenolic compounds such as methyl paraben are known to 

35 be more inhibitory than benzoic acid [15], however a 
3 6 drawback with this paraben is its increased toxicity 
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1 and taste. These may not however be disadvantageous 

2 within a combination which is synergistic (as most of 

3 the methyl paraben containing combinations have been 

4 described in this study) as one or indeed both 

5 compounds of the combination could be used at a 

6 relatively low concentration. 
7 

8 It is clear from this study that S. enter iditis was 

9 more susceptible to inhibition by each combination than 

10 L. monocytogenes . It is unclear at this stage why this 

11 should be, but the obvious difference between these two 

12 micro-organisms is the structure of the cell wall and 

13 it may be that this is one or more of the targets of 

14 each combination. In this regard paraben and benzoic 

15 acid have been shown to disrupt bacterial cell walls 

16 [16] and it is reasonable to suggest that damage to the 

17 cell wall could then facilitate the uptake of oil so 

18 that it then reaches its intracellular target. This 

19 mechanism of synergy is in agreement with the 

20 permeabilization synergy of Denyer et al [17]. The 

21 precise mode of action of each combination will be the 

22 subject of future investigations. 
23 

24 Much emphasis has been placed on the activity of each 

25 combination but it is important to point out the potent 

26 activity of oil of basil on its own, where for both 

27 micro-organisms there was less than 10 cfu/ml after 

28 only 4 hours of culture in 0.2% of basil. It would be 

29 interesting to further determine the properties of this 

30 oil in both broth and food. 
31 

32 Although this study investigated the activity of 

33 combinations of plant oils and chemical preservatives 

34 over a 48 hour period, at one pH (physiological pH) and 

35 only in laboratory medium, it does show the potential 

36 of these novel combinations as potent inhibitors of 
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1 monocytogenes but in particular S. enteriditis . 

2 Further studies will consider each of the above points 

3 however emphasis will be placed on inhibitory 

4 experiments at lower temperatures such as 4°C and 10 °C* 

5 Indeed it has previously been mentioned that 

6 monocytogenes can grow at 4°C. More recently Jones et 

7 ai, 1997 [18] have shown the fatty acid composition of 

8 the cell wall of this microbe to change at 4°C. It 

9 would be interesting to discover if these cells could 

10 be further inhibited by a combination at lower 

1 1 temperatures . 
12 

13 Experimental Procedure (2) 

14 

15 10/xl of an overnight culture of L. monocytogenes or S_s_ 

16 enteriditis incubated at 37 °C was added to 10ml of TSB 

17 containing 0.1% of trans-anethole, fenchone or 

18 estragole in combination with 0.1% methyl paraben. 

19 Corresponding controls were also prepared, thus 10^1 of 

20 each overnight culture was added to the appropriate 

21 broth only. All tubes were incubated at 37°C. 1ml 

22 samples were removed from each test and control after 

23 vortexing at Ohrs, lhr, 4hrs, 8hrs, 24hrs and 48hrs and 

24 serially diluted in 0.01M PBS. 100/xl from each 

25 dilution was placed on an agar plate and spread across 

26 the surface. Plates were incubated at 37 °C and 

27 colonies counted as colony forming units per ml 

28 (cfu/ml) . As ethanol was used to prepare stock 

29 solutions of methyl paraben a diluent control was used 
3 0 where ethanol was added to each culture medium. The 

31 ethanol present was shown not to exhibit any inhibitory 

32 properties against the microbes tested. Due to the 

33 limitation of the serial dilution technique it was not 

34 possible to count cfu less than 10/ml. 
35 

3 6 To determine the presence of synergy within a 
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1 combination it was necessary to use a concentration of 

2 trans-anethole, fenchone, estragole and methyl paraben 

3 which was relatively weakly inhibitory in its own right 

4 over the timescale of the experiment . Furthermore to 

5 make valid comparison about the activity of each 

6 combination against each microbe it was necessary to 

7 use just one concentration of each component with the 

8 combination. Preliminary data from the laboratory 

9 indicated that 0,1% would fulfil each of the criteria 

10 above. In addition, methyl paraben cannot be used in 

11 food in excess of 0.1% [15]. 
12 

13 Reproducibility 
14 

15 As in Experimental Procedure (1) 
16 

17 Statistical Test 
18 

19 As in Experimental Procedure (1) 
20 

21 Definition of Synergy 

22 

2 3 As in Experimental Procedure (1) 
24 

25 Results 

2 6 Listeria monocytogenes 

27 

28 From Table 2A it can be seen that fenchone was the most 

29 inhibitory single component against this micro- 

30 organism. At times of 8hrs and above, cells were 

31 undetectable (<10 cfu/ml) , even at lhr and 4hrs there 

3 2 was a reduction of 4 to 5 log 10 cfu/ml compared to the 
3 3 control. For estragole there was more than 4 logi 0 

34 inhibition of growth after 24hrs. In contrast methyl 

35 paraben and trans-anethole had little or no inhibitory 

36 properties against L* monocytogenes . 
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1 The most inhibitory combination was fenchone and methyl 

2 paraben. Here the pattern of inhibition was almost 

3 identical to that observed for fenchone alone. 

4 Synergistic inhibition was not however detectable. 
5 

6 For estragole and methyl paraben there was more than 

7 4.0 log 10 inhibition of growth at 8hrs or above. This 

8 inhibition was also synergistic being 2.0 log 10 

9 more than the additive inhibition of the separate 

10 preservatives. With trans-anethole and methyl paraben 

11 growth was reduced by 4.0 log 10 or more at 24hrs and 

12 48hrs. This reduction was synergistic being 4.0 log 10 

13 more than with separate preservatives. 
14 

15 Salmonella enter id it is 
16 

17 From Table 2B it can be seen that estragole and 

18 trans-antheole were the two most single inhibitory 

19 preservatives against S. enter iditis . Here growth was 

20 inhibited at 4hrs and 8hrs by more than 5.0 log l0 for 

21 estragole and over 2.0 log 10 for trans-anethole. 

22 Interestingly, numbers seemed to recover at 48hrs where 

23 inhibition was 2.1 log 10 and 1.0 log 10 for estragole and 

24 trans-anethole respectively. Methyl paraben and 

25 fenchone exhibited little or no inhibition over the 

26 48hr period. 
27 

28 Combinations of estragole or trans-anethole and methyl 

29 paraben were potent inhibitors of S. enteriditis where 

30 after 4hrs cells were undetectable (<10 cfu/ml) . Even 

31 after lhr, growth was reduced by both combinations by 

32 almost 5 log I0 . 
33 

34 Synergistic inhibition was evident at 24 hrs and 48 hrs 

35 for estragole and methyl paraben where there was over 2 
3 6 log t o an< * 5 lo 9io more inhibition than with separate 
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1 preservatives. For trans-anethole and methyl paraben 

2 inhibition was synergistic at all times where there was 

3 over 2.5 log I0 inhibition than with separate components 

4 up to and including 8hrs. At 24hrs and 48hrs there was 

5 more than 6.0 log 10 further inhibition by the 

6 combination compared to inhibition by separate agents* 
7 

8 Fenchone and methyl paraben was the least inhibitory 

9 combination against S. enteriditis . however growth was 

10 inhibited by over 2.0 log 10 at 4hrs and 8hrs and almost 

11 5 log 10 at 24hrs and 48hrs. Synergistic inhibition was 

12 detected at all times of culture but was particularly 

13 noticeable at 24hrs and 48hrs where there was almost 

14 4.0 log, 0 more inhibition by the combination compared to 

15 additive inhibition by separate components. 
16 

17 Discussion 
18 

19 There are several advantages a combination preservative 

2 0 system has over a single preservative. These are the 

21 potential to inhibit a greater number and range of 

22 micro-organisms, the possibility of reducing the 

23 generation of resistant strains and the development of 

24 synergistic inhibition. In the last example one or 
2 5 more components could be used at a relatively low 
26 concentration which would be desirable in terms of 

2 7 reduced cost and toxicity. 
28 

2 9 Although paraben is a chemical preservative, the fact 

3 0 that the other component in each combination was a 

31 plant oil, often perceived as a natural product, may be 

3 2 acceptable to the general public who have become 

33 increasingly critical of the use of chemical 

34 preservatives in food. 
35 

3 6 Plant oils however contain many active ingredients and 
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1 are often reported to be harmful in high doses [19]. 

2 In this study three plant oil components common to oils 

3 of fennel, anise or basil were investigated. All three 

4 are plant terpenoids [19] with fenchone being a 

5 terpenoid ketone and estragole a terpenoid ether. 

6 Fenchone and trans-anethole are described as non-toxic, 

7 indeed the latter is used in food flavourings [20,21]. 

8 Estragole is probably the most harmful component being 

9 carcinogenic in high doses in mice, however low doses 
10 are thought to be detoxified in humans [22,23]. 

11 

12 Fortunately in this study relatively low doses of each 

13 terpenoid (0.1%) were shown to synergistically inhibit 

14 L. monocytogenes or S . enteriditis when in combination 

15 with 0.1% methyl paraben. There were however clear 

16 differences in the sensitivities of each micro-organism 

17 to inhibition by combinations of terpenoids and methyl 

18 paraben and also to individual terpenoids. 
19 

20 L. monocytogenes even at early stages of culture was 

21 particularly sensitive to inhibition by fenchone on its 

22 own and fenchone in combination with methyl paraben. 

23 So potent was this activity of fenchone that it was not 

24 possible to detect synergistic inhibition by the 

25 combination. The other combinations although less 

26 inhibitory were still effective synergistic inhibitors 

27 of growth particularly at the later stages of culture. 

28 In contrast, S enteriditis was less sensitive to 

29 inhibition by fenchone whether on its own or in 

30 combination with methyl paraben although significant 

31 synergistic inhibition was detected at all times of 

32 culture. Potent inhibition, even at early stages of 
3 3 culture, was observed with combinations of trans- 

34 anethole or estragole and methyl paraben. These 

35 differences in sensitivities to inhibition of L_j_ 

3 6 monocytogenes and S. enteriditis by each combination of 
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1 terpenoid and methyl paraben may shed light on their 

2 respective mode(s) of action which may be associated 

3 with the structure of the microbial cell membrane of a 

4 Gram-positive and Gram-negative bacterium. Paraben is 

5 known to disrupt the microbial cell membrane [15] and 

6 it is reasonable to suggest that this disruption may 

7 enhance the activity of the terpenoid or facilitate its 

8 entrance into the cell. 
9 

10 Although this study was conducted in laboratory medium 

11 at 37 °C further studies will determine the potential of 

12 these novel combinations of terpenoid and paraben as 

13 inhibitors of food-borne pathogens. 
14 

15 Combinations tested herein have been shown in 

16 preliminary studies to be effective against S . aureus 

17 and vancomycin-resistant Enterococcus . 
18 

19 Formulations of the invention can be used as 

20 preservatives in food, as active ingredients in 

21 medicaments, in spray formulations to decontaminate 

22 surfaces and utensils. Regardless of the use of the 

23 formulation the mode of action will prevent growth of 

24 micro-organisms such as Listeria monocytogenes , 

25 Salmonella enteriditis , Staphylococcus aureus and 

26 vancomycin resistant Enterococcus. 
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